
S e l e c t i v e  Removal o f  Nitroqenous Compounds l lsinq Z e o l i t e s  

G .  Jean ,  E. Ronvie, and H. Sawatzky 

Enerqy Research L a b o r a t o r i e s  (CANMET) 
555 Booth S t r e e t  
Ottawa, Ontar io ,  Canada 
K1A OG1 

I n t r o d u c t i o n  

compounds. Supported f e r r i c  c h l o r i d e  (11, macrore t icu lar  ion exchanqe r e s i n s  (2-41, b a s i c  
and neut ra l  alumina ( 5 ) ,  and a c i d  modified s i l i c a  (6)  can s e l e c t i v e l y  remove n i t roqenous  
compounds from petroleum f r a c t i o n s .  These s e p a r a t i o n  methods however were des iqned  f o r  
small  s c a l e  a n a l y t i c a l  s e p a r a t i o n .  Recently t h e r e  has  been some i n t e r e s t  i n  l a r q e  s c a l e  
s e p a r a t i o n  of  ni t roqenous  m a t e r i a l  (7-9). This i n t e r e s t  stems from t h e  p o s s i b i l i t y  of 
Usinq an a d s o r p t i o n  (or s o r p t i o n )  p r o c e s s  a s  a s u b s t i t u t e  f o r  t h e  expensive h y d r o t r e a t i n q  
process .  

usinq z e o l i t e s .  The s e l e c t i v i t y  was determined f o r  s e v e r a l  z e o l i t e s  us ing  a model 
Compound s o l u t i o n .  
z e o l i t e  was r a t i o n  exchanqed i n  o r d e r  t o  modify t h e  s e l e c t i v i t y .  

Experiment a1 

compound i n  reaqent q r a d e  t o l u e n e .  
Table 1 .  

s o l u t i o n .  The c h l o r i d e  s a l t  of t h e  c a t i o n  t o  exrhanqe was used. The z e o l i t e  was then  
f i l t e r e d ,  washed, and d r i e d  a t  ll0'C f o r  12 h. 
p resence  of a i r  f o r  1 2  h. 

A typ ica l  experiment involved  pumping t h e  feed cont inuous ly  a t  0.5 mL/min i n t o  a 30 
cm lonq and f l .4 cm I.D. s t a i n l e s s  s t e e l  column packed wi th  t h e  sorbent .  Samples o f  t h e  
e f f l u e n t  were c o l l e c t e d  every  5 m L  and subsequent ly  analyzed us ing  a Varian 6000 g a s  
chromatoqraph equipped wi th  a 30 m lona DE-5 c a p i l l a r y  column. For whole naphthas t h e  
e f f l u e n t  samples were ana lysed  f o r  t o t a l  n i t r o q e n  by chemiluminescence u s i n g  a Dohrman 
t o t a l  n i t roqen  ana lyzer .  A1 1 experiments were performed a t  room tempera ture .  Three q r m s  
of z e o l i t e  was used f o r  each run. Table 2 q i v e  t h e  p r o p e r t i e s  of t h e  naphthas used i n  
t h i s  study. 

R e s u l t s  and d i s c u s s i o n  

shown i n  F a .  1. These r e s u l t s  c l e a r l y  show t h a t  t h e  deqree of s o r p t i o n  depends on  t h e  
n a t u r e  of t h e  compound. 
t h e  e f f l u e n t  a f t e r  20 mL whereas compounds s u r h  a s  benzylamine a r e  s t i l l  completely 
removed a f t e r  150 mL.  There is an i n v e r s e  r o r r e l a t i o n  between t h e  amount sorbed  and t h e  
molecular s i z e  o f  a compound; t h e  amount of th ree-  and four - r inq  compounds sorbed is 
s e n e r a l l y  lower than  t h a t  of two- and one-rinq compounds. 
and molecular s i z e  i s  well documented (10-11): z e o l i t e s  a r e  known a s  shape s e l e c t i v e  
s o r b e n t s  because of t h e i r  uniform pore  s i z e .  
s o l u t i o n  1. 

Various s o r b e n t s  have been used i n  t h e  past  f o r  t h e  s e l e c t i v e  removal o f  n i t roqenous  

This paper d e s c r i b e s  t h e  s e l e c t i v e  removal o f  n i t roqenous  compounds from naphthas 

The s e l e c t i v i t y  s t r o n g l y  depends on t h e  n a t u r e  of t h e  compound. The 

The model compound s o l u t i o n  was prepared by d i s s o l v i n q  t h e  a p p r o p r i a t e  amount of 
The composition of t h e  two s o l u t i o n s  a r e  qiven i n  

The z e o l i t e s  ob ta ined  from BDH Chemicals were shaken over niqht i n  a 1M aqueous 

The z e o l i t e  was a c t i v a t e d  a t  52OoC i n  t h e  

The s o r p t i o n  r e s u l t s  f o r  model s o l u t i o n  1 by z e o l i t e  13 X i n  t h e  sodium form a r e  

Compounds such a s  benzacr id ine  and tet  rahydrocarbazole appear i n  

The r e l a t i o n  between s e p a r a t i o n  

Smaller pore  size z e o l i t e s  were t e s t e d  usinq 
The e f f i c i e n c y  of s e p a r a t i o n  was propor t iona l  t o  pore s i z e .  
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The previous r e s u l t s  i n d i c a t e  the  d i f f i c u l t y  o f  removinq a l l  n i t roqenous compounds 
i n d i s c r i m i n a t e l y .  The separat ion i s  d i f f u s i o n - c o n t r o l l e d  and l a r q e r  molecules are  not 
removed t o  any qreat ex ten t .  The model compound study suqqests t h a t  z e o l i t e s  would be 
most e f f e c t i v e  fo r  the  treatment o f  naphthas which conta in  small n i t rogenous compounds. 
An experiment was t h e r e f o r e  c a r r i e d  out us inq  z e o l i t e  13X and two naphthas (Fiq. 2 ) .  
Using the area over the  breakthrouqh curve the s o r p t i o n  c a p a c i t i e s  were ca lcu la ted .  
capac i t ies  were: 
(4.3 mg N/q z e o l i t e )  fo r  t h e  hydroprocessed naphtha whirh i s  s i q n i f i c a n t l y  lower than t h e  
298 mq (100 mq N/q z e o l i t e )  obtained f o r  t h e  model compound s o l u t i o n  1 and the 332 mq 
obtained fo r  model compound s o l u t i o n  2. S o l u t i o n  2 i s  more representa t ive  of a naphtha 
s ince  i t  contains smal le r  n i t roqenous compounds than s o l u t l o n  1.  80th  s o l u t i o n s  q ive  a 
capaci ty o f  10% by weight o f  z e o l i t e .  

phase s o r p t i o n  o f  hydrocarbons and ni t roqenous bases. Ereck and Flanagen ob ta ined a 
capaci ty of 0.227 q o f  t r i b u t y l a m i n e  per qram of z e o l i t e  X a t  room temperature (12). 
l i q u i d  phase experiment C8F180 was separated from (C4F9)3 N by s o r p t i o n  on a z e o l i t e  13X; 
t h e  CBF180 l oad inq  a t  breakthrough was 0.3 q/q of z e o l i t e  (13) .  The capac i ty  ob ta ined i n  
t h i s  study demonstrates the  p o s s i b i l i t y  o f  us ing  z e o l i t e s  fo r  l a r q e  scale separat ion.  
lower capac i ty  obtained f o r  naphthas suqqests the compet i t i ve  s o r p t i o n  of non-nitroqenous 
compounds: t h e  sorbent may no t  be t o t a l l y  s e l e c t i v e  for  n i t roqenous compounds and 
subs tan t ia l  q u a n t i t i e s  o f  o l e f i n s  or aromatics may be sorbed. No d i r e c t  evidence for t h i s  
i s  presented i n  t h i s  study. These aspects are p r e s e n t l y  under study. The aim i s  t o  
improve the  s e l e c t i v i t y  f o r  n i t rooenous compounds, s p e c i f i c a l l y  f o r  m u l t i - r i n q  compounds. 

i n t e r a c t  i o n  enerqies surh as dispersion, repu ls ion ,  p o l a r i z a t i o n ,  and dipole/quadrupole 
in te rac t ions .  For a q iven feed the  s e l e c t i v i t y  i s  a func t ion  of the  na ture  o f  the  r a t i o n  
i n  the z e o l i t e ,  the  surface a c i d i t y  and the sorbent pretreatment.  F o r  instance, la rqe  
pore s i z e  z e o l i t e s  such as 13X e x h i b i t  s e l e c t i v i t y  for the aromatic components of  mix tu re  
o f  aromatics and paraf f ins.  Replacinq the p o l a r i z i n q  c a t i o n  by pro tons  reverses the  
s e l e c t i v i t y  (14). 
by other cat ions,  namely H, Zn, Co i n  order t o  see the  e f f e c t  on s e l e c t i v i t y .  The 
o b j e c t i v e  i s  t o  f i n d  two z e o l i t e  forms that complement each other.  The r e s u l t s  a r e  
presented i n  Tables 3-6. 

The s u b s t i t u t i o n  o f  the  r a t i o n  chanqes the s e l e c t i v i t y  cons iderab ly ;  f o r  ins tance t h e  
capac i ty  of the sodium form f o r  a n i l i n e  i s  over 50 mq whereas tha t  of t h e  hydroqen and the  
z i n c  forms i s  10 and 14 mq respec t ive ly .  S i m i l a r l y  the capac i ty  of the  sodium and 
hydroqen forms f o r  cyclohexylamine i s  50 mq and i s  only 10 mq f o r  the  z i n c  form. Other 
compounds such as 1,2,5-tr imethylpyrrole are not af fected by the exchanqe. These r e s u l t s  
suqqest the  p o s s i b i l i t y  o f  us inq  two z e o l i t e s  tha t  complement each o ther  t o  improve the  
e f f i c iency  o f  separat ion.  For i ns tance the sodium and hydrogen form seems t o  be the  best 
combination. Indeed t h e  sodium form i s  most e f f e c t i v e  t o  remove a n i l i n e ,  benzylamine, 
cyclohexylamine, and t o  a l e s s e r  ex ten t  ethylamine but i s  unable t o  remove 
t r i m e t h y l p y r r o l e ,  decylamine, and octylamine. 
remove decylamine, octy lamine, and cyclohexylamine but unable t o  remove a n i l i n e .  Such a 
combination has not been t e s t e d  i n  t h i s  study. 

The 
4.61 mq N (1.36 mq N/q z e o l i t e )  f o r  the  coker naphtha, and 14.24 mq N 

The s o r p t i o n  capac i ty  f o r  the  model compounds i s  s i m i l a r  t o  t h a t  obtained f o r  vapour 

In a 

The 

The s e l e c t i v i t y  shown by a sorbent toward a sorbate i s  determined by severa l  types o f  

S i m i l a r l y  i n  t h i s  study the c a t i o n  o f  z e o l i t e  13X (sodium) was replaced 

The hydroqen form i s  most e f f e c t i v e  t o  
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Conc 1 us ion  

This  st.udy demonst.rat.es t.he poss ib i1 i t .y  o f  us inq  zeo1 i t .e~  for  t.he l a r q e  
scale s e l e c t i v e  removal o f  nitroqenous compounds from pet.roleum f ract ions.  The 
resu1t.s ind icat .e  the  d i f  f icu1t .y  o f  removinq a l l  nit.roqenous compounds 
i n d i s c r i m i n a t e l y .  Larqer  neut.ra1 compounds are not removed t o  any qreat. ext.ent. 
whi le  smal ler  bas i c  compounds are removed ext.ensively. 
co r rec ted  somewhat. by mod i f y inq  the  s e l e c t . i v i t y  o f  t he  z e o l i t e  by c a t i o n  
exchanqe. 

nitrogenous compounds conta ined i n  napht.has. The sorpt . ion capaci ty  obta ined 
wit.h naphthas i s  much lower than expect.ed based on t h e  model compound st.udy. 
This suqqests t.hat non-hitxogenous compounds are competing for t h e  sur face 
s i t es .  
t.he z e o l i t e  t o  i n h i b i t  t h i s  phenomenon. 
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This  def ic iency can be 

Z e o l i t e s  were a l so  found t.o be e f f e c t i v e  for  t h e  select. ive removal o f  

More da ta  w i l l  be requ i red  t.o i d e n t . i f y  t he  compet.inq species and modify 

st.ruct.ure, chemistry, and use“ 
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Table 1 - Composition of model solutions 
Solution 1 Solution 2 

Compound ppm N Compound P P ~  N 

aniline 30.12 ani 1 ine 48.07 
1,2,5-trimethylpyrrole 28.20 3-ethyl pyridine 48.22 
benzyl amine 39.79 4-et hylpyridine 49.05 
n-oct yl amine 32.79 n-oct yl amine 44.40 
n-decyl amine 27.08 n-decylamine 35.95 
quinoline 32.02 1,2,5-t rimethylpyrrole 50.76 
indole 29.37 cyclohexylamine 54.41 
)-met hy 1 indole 26.74 benzylamine 51.21 
2,2 -dipyridyl 55.58 2,4,6-collidine 48.26 
1 -phenethylpiperidine 22. 88 tri-n-propyl amine 34.49 
2-phenylpyrydine 24.26 tert-butylamine 51.85 
dibenzylamine 26.48 
tetrahydrocarbazole 27.70 
carbazole 25.24 
2-met hyl acridine 19.40 
3,4-benzacridine 7.85 
2-aminochrysene 13.90 
phenothiazine 29.60 

Total N concentration 518.21 516.67 

Table 2 - Naphtha properties 
Hydroprocessed Coker 

Specific qravity 60/60 f 
Sulphur wt X 
Carbon wt I 
Hydroqen wt B 
Nitroqen wt X 

Bromide number 

Simulated distillation (wt %) 
Paraffins 
01 e f ins 
Naphtenes 
Aromatics 

0.74 
0.18 
85.98 
13.45 
0.005 

24 

55 
15 
19 
10 

0.75 
0.18 

85.25 
13.88 
0.002 

74 

24.61 
61.79 

0.0 
13.60 
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Table 3 - S e l e c t i v i t y  for  z e o l i t e  13X i n  t h e  sodium form (Na) 
~~ 

Compound 
Volume a t  Tot al 
breakthrouqh (mL) l oad ing  (mq) 

1,2,5- t r imethy lpyrro le  
n-decy lamine 
tri-n-propyl amine 
n-octylamine 
2,4,6-c01 l i d i n e  
3-ethy l  amine 
4-et h y l  amine 
cyclohexy 1 amine 
te r t -bu ty lam ine  
a n i l i n e  and benzylamine 
To ta l  

22 
82 
82 

105 
105 
144 
160 
162 
183 

not  broken throuqh 

12.16 
23.23 
26.00 
30.93 
42.76 
47.07 
51.66 
53.91 
44.77 

332.49 

Table 4 - S e l e c t i v i t y  f o r  z e o l i t e  13X i n  t.he hydroqen form (H) 

Volume a t  Loadinq a t  
Compound breakthrough (mL) breakthrough (mg) 

a n i l i n e  36 9.98 
1,2,5-t r i m e t h y l p y r r o l e  36 11.74 
3-et.h ylpyridine 45 14.31 
4 -e thy lpy r id ine  48 15.92 
2,4,6-col1 i d i n e  60 21.29 
t ri-n-propylamine 78 23.64 
n-decylamine 97 32.13 
n-octylamine 123 43.56 

cyclohexylamine 148 49.09 
tert.-butylamine n o t  broken throuqh 
T o t a l  267.51 

benzylamine 135 45.85 
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Table 5 - Se1ect ivi t .y  f o r  z e o l i t e  13X i n  t h e  z i n c  form (Zn) 

Compound 
Volume a t  Loadinq a t  
Breakthrough (mL) Breakthrouqh (mq) 

cyclohexylamine 20 6.80 
1,2,5- t r imet .hylpyrrole  42 12.41 
a n i l i n e  48 13.83 
3 -e thy lpyr id ine  56 1A.%3 
tri-n-propyl amine 68 20.88 
2 , 4 , 6 - c o l l i d i n e  12 26.31 
n-decyl ami ne 14 26.29 
4 -e thy lpyr id ine  78 25.95 
n-octylamine, t.ert-but.yl amine, and benzyl amine not broken throuqh 
Tot.al 150.16 

Table 6 - S e l e c t i v i t y  f o r  z e o l i t e  13X i n  t h e  coba l t  form (Co) 

Compound 
Volume a t  Loading a t  
Breakthrouqh (mL) Breakthrouqh (mq) 

a n i  1 i n e  
1,2,5-t rimet.hylpyrro1 e 
2 , 4 , 6 - c o l l i d i n e  
3 -e thy lpyr id ine  
4 -e thy lpyr id ine  
tri-n-propyl amine 
n-decyl amine 
n-oct.yl amine 
benzylamine 
cyclohexylamine 
t ,er t -butylamine not. broken throuqh 
Tot a1 

16 3.65 
16 4.91 
18 5.28 
18 5.43 

24 7.37 
67 22.89 
1 4  25.20 
1 5  25. 64 
19 27.13 

134.54 

23 7.04 
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FIGURE 1 - Selectivity of sorption of zeolite 13X for a standard mixture. 

1) benzacridine, 2) 1.2.5-trimethylpyrrole, 3) tetrahydrocarbazole, 
41 n-decylamine, 5)  2-methylacridine. 6 )  aminochrysene, 7) carbazole 
8 )  n-octylamine, 91 1-phenethylpiperidine, 10) phenothiazine, 
11) 2-phenylpyridine, 12) 3-methylindole, 13) dibyylamine, 
14) Indole, 15) quinoline, 16) aniline, 171 2.2 dipyriayl. 

Benzylamine did not elute after 150 mL. 
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.Fig. 2 - Breakthrough -e for: hydroprocessed naphtha ( c w e  1) 
and coker naphtha (curve 21 sorbed on zeolite 13X. 
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